S ensory processing is recognized as a domain of concern in occupational therapy and is included as a performance component in the third edition of the Uniform Terminology for Occupational Therapy (American Occupational Therapy Association, 1994) . Occupational therapists typically assess sensory processing with measures of behavioral response to sensation. Although there are a number of measures available to assess sensory processing, the majority were developed for children. For example, in a recent review of sensory processing tests used by occupational therapists, all measures listed were for children (Kohlmeyer, 1998) .
The lack of adult measures is unfortunate, given evidence that sensory processing concerns in children also are experienced by adults. When selected subtests of the Southern California Sensory Integration Test (SCSIT) were administered to adults with psychiatric disabilities (FalkKessler, Quittman, & Moore, 1988) , significant relationships were found between the SCSIT and the neurological dysfunction present in the sample. A study of sensory defensiveness in persons with developmental disabilities showed that four of six behaviors were equally prevalent in children and adults (Baranek, Foster, & Berkson, 1997) . Another study proposed a conceptual framework for sensory defensiveness in adults after identifying common themes related to response and coping to sensory stimuli (Kinnealey, Oliver, & Wilbarger, 1995) .
Clearly, adult measures of sensory processing are warranted and needed. A measure that is based on a theoretical model and includes all sensory modalities also is desired. This article describes the process of developing the Adult Sensory Profile, which is based on Dunn's (1997) Model of Sensory Processing and the procedures used to examine the psychometric properties of the measure.
Background

Sensory History as a Behavioral Measure of Sensory Processing
One way to measure sensory processing from a behavioral perspective is to obtain a sensory history. Advantages of sensory histories over other measures include ease of administration and contextual relevance (Dunn, 1994) . Sensory histories are contextually relevant because they allow evaluation of behaviors in the natural environment rather than the commonly used alternative of observation of performance in a clinical setting. Additionally, sensory histories allow the person or family member who is the focus of the history taking to be an active participant in the evaluation.
The Sensory Profile
The Sensory Profile is a sensory history developed as a measure of children's responses to everyday sensory experiences (Dunn, 1994) . The original version of the measure is divided into six sensory categories (auditory, visual, taste/smell, movement, body position, touch) and two behavioral categories (emotional/social, activity level) for a total of 125 items. A principal components factor analysis of the Sensory Profile was conducted on the basis of the responses of 1,115 children 3 to 10 years of age who were typically developing (Dunn & Brown, 1997) . The resulting factor structure did not suggest categories of sensory modalities but rather patterns of behavioral responsiveness. This factor analysis led to the development of Dunn's (1997) Model of Sensory Processing, which characterizes four different sensory processing tendencies.
Dunn's Model of Sensory Processing
Dunn's Model of Sensory Processing explains behavioral responses to sensation in children. The findings from the factor analysis of the Sensory Profile (Dunn & Brown, 1997) contributed to the model's conceptualization on the basis of the relationship between a neurological threshold continuum and a behavioral response continuum. The factor analysis resulted in nine factors: (a) sensory seeking, (b) emotionally reactive, (c) low endurance/tone, (d) oral sensory/sensitivity, (e) inattention/distractibility, (f ) poor registration, (g) sensory sensitivity (h) sedentary, and (i) fine motor/perceptual. From these data, Dunn developed a four-quadrant model based on the intersections of a neurological threshold continuum and a behavioral continuum. Figure 1 illustrates the grouping of factors into the four-quadrant model. The ninth factor, fine motor/perceptual, is not included in the model because it includes behaviors across all continua.
Further explanation of Dunn's Model of Sensory Processing follows, with a clarification of the two continua and the resulting quadrants. The two poles of the neurological threshold continuum are low and high. A low neurological threshold indicates that the person requires lowintensity stimuli for neurons to fire and for the person to react. Conversely, a person with a high neurological threshold requires high-intensity stimuli or takes longer to react to the same stimuli. The two poles of the behavioral response continuum are accordance and counteract. Accordance indicates that the behavior corresponds with the neurological threshold. Responding in accordance with a low threshold means that the person easily and quickly recognizes and responds to sensory stimuli. Conversely, responding in accordance with a high threshold means that the person takes longer to respond to or misses available sensory stimuli. Counteracting behaviors indicate that the person is responding contrary to the neurological threshold. When a person counteracts a low threshold, the behaviors involve avoiding sensory stimuli because he or she perceives even low-intensity stimuli and easily is inundated or overwhelmed by the input. On the other hand, counteracting a high threshold entails pursuit or immersion in sensory stimuli because the person is attempting to meet a threshold that requires intense stimuli. Dunn (1997) described each quadrant resulting from the interaction of the neurological threshold continuum and the behavioral response continuum. The first quadrant, sensitivity to stimuli, represents behaviors in accordance with a low neurological threshold. Distractibility, difficulty screening stimuli, and discomfort with sensation characterize this quadrant. The second quadrant, counteracting a low neurological threshold, is labeled sensation avoiding and includes behaviors that limit exposure to stimuli. The third quadrant, low registration, reflects responses in accordance with a high neurological threshold. This quadrant includes a disregard of or slow response to sensation. The final quadrant, sensation seeking, is a counteractive response to high neurological threshold and encompasses pleasure derived from rich sensory environments and behaviors that create sensation.
Dunn's Model of Sensory Processing depicts sensory processing preferences as stable traits; therefore, applying the model to adults is inherently reasonable. The extension of the model led to the development of the Adult Sensory Profile as a measure of adult responses to everyday sensory experiences. The purpose of the current article is to report the results of a series of studies designed to evaluate the reliability and validity of the Adult Sensory Profile as a measure of the four patterns of sensory processing described in Dunn's model.
Method and Results: Steps 1 Through 4
Design
The study was conducted in a series of four steps; the method and results for each step will be presented together. The first step of instrument development consisted of a review of the items on the Sensory Profile. Non-age-specific items were maintained and new items were created to ensure an adequate number of items representing the four quadrants of Dunn's Model of Sensory Processing and the sensory modalities. A 60-item measure, with 15 items for each quadrant, was created. Subsequent instrument development included a review of the items by an expert panel, item reliability and factor analysis of typical adult responses, and an analysis of construct validity using Adult Sensory Profile scores and skin conductance measures. All steps of the study were approved by the university's Institutional Review Board.
Step 1: Expert Panel Purpose. The purpose of the first step was to examine the face validity of the Adult Sensory Profile. This step was accomplished by determining whether persons familiar with Dunn's Model of Sensory Processing could accurately categorize items according to the intended quadrant.
Participants. Eight expert judges comprised the panel, which consisted of three faculty members from an occupational therapy department and three graduate students and two psychology faculty members from a research seminar.
Procedure. The researcher defined the four-quadrant model of sensory processing for the judges, encouraging clarifying questions. Once familiar with the concepts, each judge received the 60 items written individually on a set of shuffled index cards. The judges were instructed to sort the cards into the four quadrants of sensory processing. They did not know how many items were developed for each category. The result from each judge was four sets of cards representing sensory sensitivity, sensation avoiding, low registration, and sensation seeking. After the card sorting, the researcher read each item aloud and asked each judge to identify the quadrant to which the item was assigned.
Analysis. The researcher recorded each judge's responses to determine the proportion of agreement. Item acceptability was set at 75% agreement among the judges (Crocker & Algina, 1986) .
Results. On the basis of the review of 60 items by eight expert judges, all but one item was sorted accurately. Thus, the items could be categorized according to the extant theory. Accurate sorting in this case meant that at least seven of the eight judges sorted the item as it was intended. This degree of agreement exceeded the previously set criterion of 75%. The problematic item (miscategorized by three judges), "I need to hold onto walls or banisters to go down steps" (a low registration item), was revised to read, "I am unsure of footing when walking on stairs." Judges were able to categorize the item correctly once it was reworded.
Step 2: Item Reliability and Factor Analysis Purpose. In this step, the researchers examined the consistency of the psychometric properties of the Adult Sensory Profile and the quadrants of Dunn's Model of Sensory Processing. Specifically, the questions addressed were as follows: Are the quadrant subscales internally consistent? Do the items correlate or load on the intended subscale? Do the items result in factors compatible with the four-quadrant model?
Participants. A total of 615 adults completed the Adult Sensory Profile. Psychology students and occupational therapy students from a large midwestern university (n = 476) were recruited through their departments. The researchers obtained additional participants through the Sensory Profile mailing list, which consists primarily of practicing occupational therapists who have shown an interest in the measure. The researchers sent letters requesting that each list member complete the Adult Sensory Profile and that they ask another adult of the opposite gender to complete the form. This effort provided a larger sample, a more even gender ratio, and a wider age range. The total sample included 38.8% men and 61.2% women, with a mean age of 30.7 years (SD = 13.3, range = 17-79 years).
Procedure. All participants were informed via a cover letter that completion of the Adult Sensory Profile indicated consent to participate in the study. Participants inde- pendently completed the Adult Sensory Profile and returned the form to the researcher.
Analysis. Several analyses were conducted to obtain information on the reliability of individual items and subscales (i.e., Sensory Sensitivity, Sensation Avoiding, Low Registration, Sensation Seeking) of the Adult Sensory Profile. Coefficient alpha was calculated as an internal consistency estimate for each 15-item subscale (Green, Salkind, & Akey, 1997) . Next, each item on a subscale was correlated with the total score for the subscale, using Pearson product-moment correlations (Green et al., 1997) . Finally, the 60 items of the Adult Sensory Profile were analyzed with a principal component factor analysis (Gorsuch, 1983) .
Results. For item reliability, first, the Sensory Sensitivity subscale yielded a coefficient alpha value of .81, with alpha values of .66 for the Sensation Avoiding subscale, .82 for the Low Registration subscale, and .79 for the Sensation Seeking subscale. The Sensation Avoiding subscale lacked the internal consistency desired in attitude scales; however, the remaining three subscales appear reasonably internally consistent.
Second, each item on a subscale was correlated with the total score for the subscale, using Pearson productmoment correlations. All items on the Sensory Sensitivity (r = .32-.56), Low Registration (r = .33-.56), and Sensation Seeking (r = .26-.50) subscales correlated most highly with their intended subscale. In contrast, the Sensation Avoiding subscale (r = .11-.52) had 11 items correlating highest on a subscale other than its own. These items had their highest correlations with the total scores on the Sensory Sensitivity or Low Registration subscales.
Next, the 60 items of the Adult Sensory Profile were analyzed with a principal component factor analysis. The criteria used to determine the number of factors to rotate included the scree test, the a priori hypothesis of four factors, and the interpretability of the factor solution. The criterion of eigenvalues greater than 1 was not useful because it would have yielded an unwieldy 16 factors, with most factors contributing less than 4% of variance. The scree test suggested a four-factor solution, and the four-factor solution led to the most interpretable results. Consequently, four factors were rotated, using a Varimax rotation procedure.
The four-factor solution is generally supportive of Dunn's Model of Sensory Processing, with some stipulations. Item loading of .40 or more was set as the criterion of magnitude to be a meaningful item for a particular pattern of sensory processing. Of the four factors, low registration (Factor 1) and sensation seeking (Factor 2) were consistent with the theory. Inconsistent with the theory was the finding that the items of sensory sensitivity and sensation avoiding loaded together on two factors (Factor 3 and 4) (see Table 1 ). This finding is not entirely unexpected because these two quadrants make up the low end of the neurological threshold continuum. However, the finding creates some doubt about whether these two factors can be interpretable as separate dimensions-one that reflects a response in accordance with a low threshold (sensory sensitivity), and one that reflects a response that counteracts a low threshold (sensation avoiding). Three additional problems with the factor structure occurred: (a) Some items loaded contrary to expectation (i.e., two sensitivity and six avoiding items loaded on the low registration factor, and one avoiding item loaded on the sensation seeking factor); (b) one item loaded on both Factors 1 and 3 (i.e., "I stay away from crowds"); and (c) eight items did not load on any factor. Factor 1 accounted for 10.89% of the variance; Factor 2 accounted for 7.85% of the variance; Factor 3 accounted for 7.59% of the variance; and Factor 4 accounted for 6.18% of the variance. The total variance accounted for by the four factors was 32.5%.
When the information from the internal consistency analysis, item correlations with subscales, and factor analysis is taken together, the Sensation Avoiding subscale does not exhibit adequate psychometric properties. It has questionable internal consistency and lacks factorial validity (Green et al., 1997) . Many of its items relate to other subscales. To improve the Sensation Avoiding subscale, its items were examined to determine characteristics that distinguished between items that were performing well and items that were performing poorly. The discrepancy between the two sets suggested a revision such that items on the Sensation Avoiding subscale reflected more deliberate avoidance behaviors. Problematic items were revised, deleted, or rewritten so that the original design of 15 items per subscale was maintained. Conditions that led to changes included the items that correlated highest with an unintended subscale, items with no loadings greater than .40 in the factor analysis, cross-loading of items, and clarifying comments written on the measure by participants.
Step 3: Construct Validity-Physiological Response and the Adult Sensory Profile Purpose. The purpose of this step was to examine construct validity of the Adult Sensory Profile by determining whether a strong preference for a sensory processing pattern resulted in different physiological response patterns as measured by skin conductance amplitude of response and trials to habituation. The a priori hypotheses were as follows:
1. Persons with low thresholds (sensory sensitivity and sensation avoiding) would have a greater amplitude of skin conductance response than persons with high thresholds (low registration and sensation seeking). 2. Persons with high scores on sensation avoiding and low registration would be quick to habituate but for different reasons. (Sensation avoiding is a withdrawal from the stimulus, whereas low registration has a limited response along with limited interest.)
3. Persons with high scores on sensory sensitivity and sensation seeking would be slow to habituate but, again, for different reasons. (Sensory sensitivity is a continued recognition of the stimulus, whereas sensation seeking involves a desire to respond to and an interest in the stimulus.)
Participants. The total subscale scores from occupational therapy students were examined to identify the five highest scoring students in each of the four quadrants. These students were invited to complete the skin conductance protocol. All but one agreed to participate, and this student was replaced with the one with the next highest score.
Physiological measure-skin conductance measures. Amplitude and frequency of a skin conductance response is used as a measure of attentional response allocation and processing of a stimulus (Dawson, Filion, & Schell, 1989) . The auditory stimulus used consisted of 12, 108 dB white-noise presentations of 1 sec duration. The interstimulus interval was 30 sec to 50 sec. Electrodermal activity was recorded as skin conductance responses from 8 mm silver chloride electrodes placed over the tips of the second and third fingers of the participant's nonpreferred hand. The skin conductance signal was recorded with a LabLinc-V 1 system
The American Journal of Occupational Therapy equipped with bioamplifier and isolated skin conductance coupler. The signal was digitized at a rate of 20 Hz for 3000 ms before to 8000 ms after the presentation of each stimulus. Skin conductance response amplitudes were computer scored off line as the change in conductance occurring within a latency window of 1 sec to 3 sec after stimulus onset. Skin conductance level was scored at each 1-sec interval across the recording window.
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Skin conductance measures of responsiveness and trials to habituation were obtained. Responsivity was measured as the amplitude of the response to the first auditory stimulus. Trials to habituation was measured as the number of stimuli presented before a participant had two consecutive nonresponses to an orienting stimulus.
Procedure. Written informed consent was obtained from all participants. Skin conductance measures were obtained in a laboratory located at a university setting. Participants were instructed that they would hear a series of sounds and that they should simply sit quietly during the process.
Analysis. One-way analyses of variance (ANOVAs; 1 x 4) were conducted to examine the differences among the four groups on the skin conductance-dependent measures of responsivity and trials to habituation. Tukey's test was used to examine pair-wise differences among the means (Green et al., 1997) .
Results. The results of the ANOVA were consistent with the a priori hypotheses. There was a significant difference in responsivity across the four groups: sensory sensitivity, sensation avoiding, low registration, and sensation seeking, F(3, 17) = 8.38, p = .001. A Tukey's test indicated that the sensory sensitivity and sensation avoiding groups were more responsive than the low registration and sensation seeking groups. There was also a significant difference in trials to habituation across the four groups, F(3, 17) = 46.85, p < .001. Habituation was defined as two consecutive nonresponses. A Tukey's test indicated that the sensory sensitivity and sensation seeking groups took more trials to habituate than the sensation avoiding and low registration groups (see Table 2 ).
Examination of the two ANOVAs together revealed that each group was distinguished from all other groups by a different pattern of responses consistent with the underlying theory of Dunn's Model of Sensory Processing. The groups with low neurological thresholds (sensory sensitivity and sensation avoiding) responded intensely to stimuli but had different habituation patterns. The sensory sensitivity group responded intensely to the stimulus but did not habituate to the noise, which is consistent with a behavioral response in accordance with a low neurological threshold. Conversely, the sensation avoiding group also responded intensely to the stimulus but habituated quickly to the noise, suggesting a behavioral response that counteracts the low neurological threshold.
The two groups with a high neurological threshold (low registration and sensation seeking) had restricted responsivity to the stimulus with different habituation patterns, and the low registration group had a limited response and habituated quickly to the noise, both indicating a behavioral response in accordance with a high neurological threshold. The sensation seeking group also had a limited response but did not habituate. This response is consistent with a counteractive behavioral response to a high neurological threshold.
Step 4: Reliability of the Adult Sensory Profile-Revised Version With a Heterogeneous Group Purpose. The purpose of this step was to determine whether the psychometric properties of the revised Adult Sensory Profile indicated improved reliability of the Sensation Avoiding subscale, with continued adequate reliability of the Sensory Sensitivity, Low Registration, and Sensation Seeking subscales.
Participants. The final version of the Adult Sensory Profile was administered to 93 adults for the purposes of making group comparisons among persons with schizophrenia, persons with bipolar disorder, and persons who were mentally healthy. The group comparisons will be presented in another article. The three groups were combined for the current analyses to provide an adequate sample size. Participants were recruited from consumers and staff at three community mental health programs. Forty men and 53 women comprised the sample. The mean age was 38 years (SD = 11.2, range = 18-68 years).
Procedure. Written informed consent was obtained, and a research assistant administered the revised Adult Sensory Profile to all participants.
Analysis. As in the previous analysis, coefficient alpha for each subscale and item correlations with each subscale using Pearson product-moment correlations were conducted. Factor analysis was not used because of the small sample size.
Results. Item reliability was first examined by computing coefficient alpha as an internal consistency estimate for each 15-item subscale. In this case, the Sensation Seeking subscale had the poorest internal consistency (alpha = .60), whereas the Sensory Sensitivity (alpha = .78), Sensation Avoiding (alpha = .77), and Low Registration (alpha = .78) subscales demonstrated strong internal consistency. the same for both phases of the study. Only one item received minor revision. Therefore, the decrement in internal consistency is probably due to the difference in the second sample (i.e., smaller and including persons with severe mental illness). Next, item reliability was examined using the correlation of each item on a subscale with the total score for each Adult Sensory Profile subscale using Pearson productmoment correlations. Only two items did not have their highest correlation on the intended subscale. One sensation avoiding item, "When I smell a strong odor in a store, I move to another section or leave the store," had a higher correlation on the Sensory Sensitivity subscale (r = .299) than on the Sensation Avoiding subscale (r = .275). A sensation seeking item, "I find opportunities to visit places that have bright lights and are colorful," had a higher correlation on the Sensory Sensitivity subscale (r = .280) than on the Sensation Seeking subscale (r = .273). Overall, this finding suggests a major improvement in the items because before revision, 11 items on the Sensation Avoiding scale had a higher correlation with an unintended subscale.
Discussion
Psychometric Properties of the Adult Sensory Profile
An examination of the reliability and validity of the Adult Sensory Profile guided changes in items and allowed for increased confidence in the instrument as a measure of sensory processing in adults. The remarkable agreement among the expert judges' sorting of items according to the four quadrants of Dunn's Model of Sensory Processing indicated that the items could be categorized according to the extant theory. An examination of the relationship between scores on the Adult Sensory Profile and skin conductance measures supported the construct validity of the instrument. Responsivity and habituation to stimuli were examined for participants with high scores on each of the four quadrants. This analysis yielded unique patterns for each group consistent with Dunn's model. Participants with high scores on sensory sensitivity were more responsive and took longer to habituate. Participants with high scores on sensation avoiding were also more responsive but quick to habituate. Participants with high scores on low registration were less responsive and quick to habituate, whereas participants with high scores on sensation seeking were less responsive but slow to habituate.
It should be noted that there is a discrepancy between the sensation seeking results in this study and Zuckerman's (1994) findings of rapid habituation among sensation seekers. The most likely explanation is related to a difference in the sensation seeking construct of Zuckerman and the construct of Dunn (1997) . Zuckerman's sensation seeking emphasizes behaviors that involve impulsivity and risk taking, whereas Dunn's sensation seeking is manifested as behaviors that indicate pleasure and interest in exposure to everyday sensory stimuli.
The item reliability measures and factor analysis suggested that the Low Registration and Sensation Seeking subscales were internally consistent and could be distinguished from the other quadrants. Conversely, the factor analysis revealed that the Sensory Sensitivity and Sensation Avoiding subscales were not distinct quadrants because items on these subscales loaded together. Other analyses provided additional evidence that the Sensation Avoiding subscale was not discrete. The Sensation Avoiding subscale had a lower coefficient alpha than the other subscales, and 11 sensation avoiding items correlated higher with the total scores on the other subscales than they did with their own total score. This evidence led to a substantial revision of the Sensation Avoiding subscale to reflect more deliberate avoidance behaviors.
To determine whether changes in the Sensation Avoiding subscale were favorable, the performance of the Adult Sensory Profile was reexamined with the sample of participants selected for group comparisons. Coefficient alpha for the Sensation Avoiding subscale improved from .66 with the original items to .77 with the revised items. When item reliability was examined using the correlation of each item on a subscale with a total subscale score, only one item on the Sensation Avoiding subscale correlated higher on other subscales than it did with the total score on its own subscale. Overall, the Sensation Avoiding subscale appears more distinct after item revision.
We acknowledge that skin conductance tests should be readministered in conjunction with the revised Adult Sensory Profile to determine whether the same results are found with the revised items. That study is currently under way.
Collectively, there is evidence to support the four subscales of the Adult Sensory Profile as distinct constructs of sensory processing preferences. The evidence also indicates that the Sensation Avoiding subscale, which had the weakest properties initially, was improved with item revision.
Clinical Applications of the Adult Sensory Profile
The findings of these series of studies provide evidence that supports the reliability and validity for use of the Adult Sensory Profile in practice settings. Information from the Adult Sensory Profile can have several intervention applications. First, providing the results to the person completing the measure gives insight into personal behavior and responses to different environments. Furthermore, this information can increase understanding for family members, friends, coworkers, and so forth regarding a person's behaviors and responses to stimuli. The measure also can help explain areas of conflict when persons have different sensory preferences.
Service providers can use results of the Adult Sensory Profile to design more effective interventions. Such interventions might include environmental adaptations to support performance. For example, persons with low registra-tion may need stimuli to be intensified, whereas persons with sensory sensitivity may need a reduction in intensity or quantity of stimuli to avoid distractibility. Sensory processing preferences also are important when making judgments about environmental fit. For example, when a person is making decisions about a living situation or job choice, results from the Adult Sensory Profile may enhance the decision-making process. A workplace with quiet surroundings and clear expectations might suit a sensation avoider, whereas a sensation seeker might prefer lots of activity and variety. There are also strategies that persons can adopt when encountering adverse environments. For example, persons with sensory sensitivity may need to develop strategies for maintaining focus in distracting environments.
Future Directions for Research
Efforts to ascertain reliability and validity of an instrument is a never-ending process. An important next step is to examine the psychometric properties of the Adult Sensory Profile as revised with a large normative population. However, too often psychometric properties of an instrument are obtained only on a normative population. The reliability and validity of the instrument still needs to be examined for individuals from special populations. Currently, studies are under way that are examining sensory processing patterns in schizophrenia, bipolar disorder, learning disabilities, post-traumatic stress disorder, and aging.
This study supports the reliability and validity of the Adult Sensory Profile. The skin conductance data provide physiological evidence to support construct validity for the instrument's ability to measure four distinct patterns of sensory processing. The item revisions improved the internal consistency of the Sensation Avoiding subscale. A lingering concern, however, is the reduction in internal consistency on the Sensation Seeking subscale with the revised measure. Because the Sensation Seeking subscale received very few changes, the lower estimate of the subscale's internal consistency in Step 4 compared with Step 2 may be specific to the sample. The change in reliability from sample to sample further points to the importance of investigating the psychometric properties of the instrument in a variety of populations.
Conclusion
Overall, the Adult Sensory Profile provides a credible method for applying a unique theoretical model toward the understanding of sensory processing. Although the data from this study initially support the reliability and validity of the Adult Sensory Profile, further exploration of the revised measure as well as studies with special populations will provide additional useful information regarding application in clinical practice. ▲
